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(57) ABSTRACT 

This invention relates to macrocyclic chelants comprised of 
one or tWo heteroatom-containing bridges, compositions 
containing them and their use in medicine, particularly in 
diagnostic imaging and radiotherapy. This invention relates 
especially to the use of metal chelates of the macrocyclic 
chelants as metallopharmaceuticals in Magnetic Resonance 
Imaging (MRI) and radiopharmaceuticals. This invention 
also relates to macrocyclic chelants as bifunctional chelating 
agents (BFC’s) for the labeling of biologically active tar 
geting molecules such as proteins, peptides, peptidomimet 
ics, and non-peptide receptor ligands, With metal ions and 
radioisotopes. 
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MACROCYCLIC CHELANTS FOR 
METALLOPHARMACEUTICALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/660,377, ?led Sep. 12, 2000 (noW allowed), 
Which in turn claims priority of US. provisional application 
Serial No. 60/153,512, ?led Sep. 13, 1999. The disclosures 
of these prior applications are incorporated herein in their 
entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] This invention relates to neW macrocyclic chelants 
and metal chelates thereof, methods of preparing the 
chelants and metal complexes, and pharmaceutical compo 
sitions comprising the macrocyclic chelants and metal com 
plexes. This invention relates particularly to the use of the 
neW metal chelates as contrast agents in X-ray imaging, 
magnetic resonance imaging (MRI) and radiopharmaceuti 
cals. This invention also relates to neW bifunctional chelants 
(BFC’s) for attaching diagnostic and therapeutic isotopes to 
biologically active targeting molecules such as proteins, 
peptides, peptidomimetics, and non-peptide receptor 
ligands. In addition, the macrocyclic chelants are useful for 
heavy metal detoxi?cation. 

BACKGROUND OF THE INVENTION 

[0003] Medical imaging modalities, such as MRI, X-ray, 
gamma scintigraphy, and CT scanning, have become 
extremely important tools in the diagnosis and treatment of 
various diseases and illness. Imaging of internal body parts 
relies on the contrast betWeen the targeted organ and the 
surrounding tissues. The targeted organs or tissues are 
visible by the use of a particular metallopharmaceutical 
contast agent. In X-ray diagnostics, increased contrast of 
internal organs, such as kidney, the urinary tract, the diges 
tive tract, the vascular system of the heart, tumor, and so 
forth is obtained by administering a contrast agent Which is 
substantially radioopaque. In conventional proton MRI diag 
nostics, increased contrast of internal organs and tissues may 
be obtained by administrating compositions containing para 
magnetic metal species, Which increase the relaxivity of 
surrounding protons. In ultrasound diagnostics, improved 
contrast is obtained by administering compositions having 
acoustic impedances different than that of blood and other 
tissues. In gamma scintigraphy, improved contrast of inter 
nal organ is obtained by the speci?c localiZation of a 
radiopharmaceutical. 
[0004] Attachment of metal ions to biomolecules such as 
antibodies, antibody fragments, peptides, peptidomimetics, 
and non-peptide receptor ligands leads to useful target 
speci?c diagnostic and therapeutic metallo-pharmaceuticals. 
These include ?uorescent, radioactive and paramagnetic 
metal ions attached to proteins that can be used as probes in 
vivo in biological systems and in vitro in analytical systems 
as radioimmunoassays. For example, attachment of radio 
nuclides to monoclonal antibodies that recogniZe tumor 
associated antigens provides radioimmunoconjugates useful 
for cancer diagnosis and therapy. The monoclonal antibodies 
are used as carriers of desired radioisotope to the tumor in 
vivo. 
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[0005] Radiopharmaceuticals can be classi?ed into tWo 
primary classes: those Whose biodistribution is determined 
exclusively by their chemical and physical properties; and 
those Whose ultimate distribution is determined by receptor 
binding or other biological interactions. The latter class is 
often called target-speci?c radiopharmaceuticals. In general, 
a target speci?c radiopharmaceutical can be divided into 
four parts: a targeting molecule, a linker, a bifunctional 
chelator (BFC), and a radionuclide. The targeting molecule 
serves as a vehicle Which carries the radionuclide to the 
receptor site at the diseased tissue. The targeting molecules 
can be macromolecules such as antibodies; they can also be 
small biomolecules (BM) such as peptides, peptidomimet 
ics, and non-peptide receptor ligands. The choice of bio 
molecule depends upon the targeted disease or disease state. 
The radionuclide is the radiation source. The selection of 
radionuclide depends on the intended medical use (diagnos 
tic or therapeutic) of the radiopharmaceutical. BetWeen the 
targeting molecule and the radionuclide is the BFC, Which 
binds strongly to the metal ion and is covalently attached to 
the targeting molecule either directly or through a linker. 
Selection of a BFC is largely determined by the nature and 
oxidation state of the metallic radionuclide. The linker can 
be a simple hydrocarbon chain or a long polyethylene glycol 
(PEG), Which is often used for modi?cation of pharmaco 
kinetics. Sometimes, a metaboliZeable linker is used to 
increase the blood clearance and to reduce the background 
activity, thereby improving the target-to-background ratio. 

[0006] The use of metallic radionuclides offers many 
opportunities for designing neW radiopharmaceuticals by 
modifying the coordination environment around the metal 
With a variety of chelators. The coordination chemistry of 
the metallic radionuclide Will determine the geometry of the 
metal chelate and the solution stability of the radiopharma 
ceutical. Different metallic radionuclides have different 
coodination chemistries, and require BFC’s With different 
donor atoms and ligand frameWorks. For “metal essential” 
radiopharmaceuticals, the biodistribution is exclusively 
determined by the physical properties of the metal chelate. 
For target-speci?c radiopharmaceuticals, the “metal tag” is 
not totally innocent because the target uptake and biodistri 
bution Will be affected by the metal chelate, the linker, and 
the targeting biomolecule. This is especially true for radiop 
harmaceuticals based on small molecules such as peptides, 
due to the fact that in many cases the metal chelate contrib 
utes greatly to the overall siZe and molecular Weight. There 
fore, the design and selection of the BFC is very important 
for the development of a neW radiopharmaceutical. 

[0007] The same principle used for target-speci?c metal 
loradiopharmaceuticals also applies to target-speci?c MRI 
contrast agents and ultrasound agents. Unlike the target 
speci?c metalloradiopharmaceutical, Where excess unla 
beled biomolecule can compete With the radiolabeled-BFC 
biomolecule conjugate and block the docking of the 
radiolabeled receptor ligand, MRI and ultrasound contrast 
agents contain no excess BFC-biomolecule conjugate. Satu 
ration of the receptor sites Will maximiZe the contrast 
betWeen the diseased tissues and normal tissue provided that 
the use of a relatively large amount of metal-BFC-biomol 
ecule complex does not cause unWanted side effects. 

[0008] Several BFC systems such as ethylenediaminetet 
raacetic acid (EDTA) and diethylenetriaminepetaacetic acid 
(DTPA), as Well as their derivatives, have been reported to 
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form thermodynamically stable metal chelates when 
attached to proteins. However, in vivo instability of the 
radioimmunoconjugate or the chelate under physiological 
conditions results in the breakdown of these complexes. 
Hence, there is a continuing need for new BFC’s with a 
macrocyclic ligand framework for the radiolabeling of bio 
molecules such as antibodies, antibody fragments, peptides, 
peptidomimetics, and non-peptide receptor ligands. 
[0009] For a therapeutic radiopharmaceutical or an MRI 
contrast agent, it is especially important to keep the metal 
chelate intact under the physiological conditions, particu 
larly in the presence of native chelators, such as transferrin, 
which have very high af?nity for trivalent lanthamide metal 
ions. This requires the chelant to form a metal chelate with 
thermodynamic stability and kinetic inertness. Macrocyclic 
chelants with three-dimensional cavities are of particular 
interest because they form metal complexes with high 
stability. They often exhibit selectivity for certain metal ions 
based on metal siZe and coordination chemistry, and capa 
bility to adopt an preorganiZed conformation in the uncom 
plexed form, which facilitates metal complexation. 

[0010] PolyaZa macrocycles have been widely used as 
chelants for a variety of transition metals. The macrocyclic 
polyaminocarboxylates such as 1,4,7,10-tetraaZacyclo 
dodecane-l,4,7,10-tetracetic acid (DOTA) and 1,4,8,11-tet 
raaZacyclo-tetradecane-1,4,8,11-tetracetic acid (TETA) are 
known to form highly stable metal complexes due to their 
highly preorganiZed macrocyclic ligand framework. Their 
Gd complexes have been widely used as MRI contrast 
agents. Examples include gadolinium complexes Gd-DOTA 
(DotaremTM, Guerbet/France), Gd-HP-DO3A (ProHanceTM, 
Bracco/Italy), and Gd-DO3A-butrol (GadovistTM, Schering/ 
Germany). These macrocyclic chelants have also been used 
as BFC’s for the radiolabeling of proteins and peptides with 
various diagnostic and therapeutic radionuclides (such as 
111In and 90Y). In all those cases, the linkages between 
N-donors of the macrocycle are either ethylene- or propy 
lene-bridges. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides macrocyclic 
chelants that can rapidly form highly stable metal chelates, 
which are useful as diagnostic or therapeutic metalloradiop 
harmaceuticals, or magnetic resonance imaging contrast 
agents. The macrocyclic chelants can also serve as bifunc 
tional chelators (BFC’s) for attaching metal ions to bio 
directing groups including proteins, peptides, peptidomimet 
ics, and non-peptides that bind in vivo to a receptor or 
enZyme that is expressed or up-regulated at a site or in a 
disease state. The target speci?c metallopharmaceuticals of 
the present invention are useful in the diagnosis of disease 
by magnetic resonance imaging or scintigraphy or in the 
treatment of disease by systemic radiotherapy. 

[0012] The novel macrocyclic chelants described in this 
invention are comprised of one or more heteroatom-con 
taining linkages between the N-donors of the macrocycle. 
This is signi?cant because the heteroatoms can also bind to 
the metal center. These macrocyclic chelants are expected to 
form stable complexes with divalent or trivalent metal ions 
such as Cu2+, Ga3+, In3+, Y3", Sm3+, Gd3+, Dy3+, H03", 
Yb3+, and Lu“. Due to the macrocyclic effect, the metal 
complexes are kinetically inert with respect to dissociation, 
which is important for the development of metallopharma 
ceuticals. 

[0013] The utility of these new chelants and their metal 
chelates depends on the choice of chelating arms and metal 
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ion. For example, if the substituent groups on the four 
nitrogen-atoms are all phosphonomethyl (CH2PO3H2) or a 
combination of carboxymethyl and phosphonomethyl 
groups, the radiolanthamide chelates can be used as thera 
peutic radiopharmaceuticals for bone-pain palliation or for 
the treatment of bone metastases. If the N-substituent groups 
are all carboxymethyl groups, the corresponding lanthamide 
(particularly gadolinium) complexes can be used as MRI 
contrast agents. If the N-substituent groups are alkyl groups, 
the macrocyclic chelants can form six-coordinate complexes 
with Cu“, Ga3+, In3+ with four N-donors in the equatorial 
positions and the two heteroatoms, such as phosphinate 
oxygens, at the remaining two apical sites. Both the sub 
stituents on heteroatoms and the carboxylic acid function 
alities can be used for attachment of biomolecules such as 
proteins, peptides, peptidomimetics, carbohydrates, fatty 
acids, and polynucleotides. These macrocyclic chelants can 
also be functionaliZed at the carbon atoms of the macrocy 
clic backbone. 

[0014] The utility of these molecules also includes (1) use 
as chelants for the treatment of heavy metal intoxication, (2) 
use as chelants to form radioactive metal chelates which can 

be used as the radiation source (when given the appropriate 
radioisotopes) in a controlled-release vehicle or device, and 
(3) use as therapeutic agents themselves for the treatment of 
metabolic bone diseases such as osteoporosis, if substituent 
groups on the four nitrogen-atoms are all phosphonomethyl 
(CH2PO3H2) or a combination of carboxymethyl and 
phosphonomethyl groups. The 32/33P-labeled chelants are 
also useful as therapeutic radiopharmaceuticals for bone 
cancer since polyphosphonates have high binding affinity 
towards the bone. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The present invention provides macrocyclic 
chelants that can rapidly form highly stable metal chelates, 
which are useful as diagnostic or therapeutic metalloradiop 
harmaceuticals, or magnetic resonance imaging contrast 
agents. The macrocyclic chelants can also serve as bifunc 
tional chelators (BFC’s) for attaching metal ions to bio 
directing groups including proteins, peptides, peptidomimet 
ics, and non-peptides that bind in vivo to a receptor or 
enZyme that is expressed or up-regulated at a site or in a 
disease state. The target speci?c metallopharmaceuticals of 
the present invention are useful in the diagnosis of disease 
by magnetic resonance imaging or scintigraphy or in the 
treatment of disease by systemic radiotherapy. 

[0016] [1] One embodiment of the present invention is a 
compound of formulae (I) or (II): 

(I) 
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-continued 
(11) 

X 

4 T/ \T 1 R R 

\/N N/ 
Q1 \Q2 

R3/N\ /N\R2 
Q3 

[0017] and pharmaceutically acceptable salts thereof 
Wherein: 

[0018] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: C1-C1O alkyl 
substituted With 0-5 R5, C2-C1O alkenyl substituted 
With 0-5 R5, and aryl substituted With 0-5 R5; 

[0019] R5 is independently elected at each occurrence 
from the group: H, C(=O)OR18, C1-C1O alkyl sub 
stituted With 0-5 R13, C2-C1O alkenyl substituted With 
0-5 R13, aryl substituted With 0-5 R13 and hetero 
cycle substituted With 0-5 R13; 

[0021] A is selected from the group: CH2, NR10 and 
O; 

[0022] Q1, Q2, and Q3 are 
—(CR11R12)n— Wherein: n is 2-5; 

[0023] R6 and R7 are independently selected from the 
group: C1-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0024] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0025] R8 is selected from the group: OR14, 
C(=O)R14, S(=O)2R14 and P(=O)(OR14); 

[0026] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R16; 

[0027] R10, R11 and R12 are independently selected 
from the group: H, C1-C1O alkyl substituted With 0-5 
R1, C2-C1O alkenyl substituted With 0-5 R17 and aryl 
substituted With 0-3 R17; 

independently 

[0028] R13 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218 PO3R218, sR18, soR18, SO2R18, 
NHC(=O)R , NHC(=O)NHR18, CH2OR18, CH3 
and NHC(=S)NHR18; 

[0029] R14, R15 and R16 are independently selected 
from the group: hydrogen, CJL-C1O alkyl substituted 
W113Ih 0-5 R13, C2-C1O alkenyl substituted With 0-5 
R and aryl substituted With 0-5 R13; 
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[0030] or, alternatively, tWo R14 or R15 and R16 may 
be taken together to form a transannular bridge, said 
bridge selected from the group: C3-C1O alkyl substi 
tuted With 0-5 R13 and ortho-aryl substituted With 0-3 
R13; 

[0031] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, PO3R218, sR18, soR18, SO2R18, 
NHC(=O)R18, NHc(=o)NHR18 and 
NHC(=S)NHR18; and 

[0032] R18 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl and 
phenyl. 

[0033] [2] Another embodiment of the present invention is 
a compound of embodiment [1], Wherein: 

[0034] X is selected from the group: NR8, PR9 and 
P(=O)R9; 

[0035] A is CH2; 

[0036] R8 is selected from: OR“, C(=O)R14 and 
S(=O)2R14; and 

[0037] R9 is CH2NR15R16. 

[0038] [3] Another embodiment of the present invention is 
a compound of embodiment [2], Wherein: 

[0039] X is P(=O)OH; 

[0040] A is CH2; 

[0041] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2 or 3; 

[0042] R11 and R12 are independently selected from 
the group: H, C1-C5 alkyl substituted With 0-3 R17 
and aryl substituted With 0-1 R17, 

[0043] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, 113803218, SO2R18, NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0044] R18 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0045] [4] Another embodiment of the present invention is 
a compound of embodiment [3], Wherein: 

[0046] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH PO3H2 and CH2-heterocycle substituted With 0-3 
R132; and 

[0047] R13 is independently selected at each occur 
rence from the group: H, OH, NH2, COOH, PO3H2, 
CHZOH, CH3 and SO3H. 

[0048] [5] Other embodiments of the present invention are 
the compounds of embodiment [4] that are selected from the 
group: 



US 2004/0067200 A1 

HO 

HO 

HO 

HO 

OH 

OH 

/ 
CH3 
CH3. 

[0049] [6] Another embodiment of the present invention is 
a radiopharrnaceutical of formulae (III) or (IV): 

(III) 
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-continued 
(W) 

X 

4 T/ \T 1 R R 

\/N N/ 
Q1 \Q2 M 

R3/N\ /N\R2 
Q3 

[0050] and pharrnaceutically acceptable salts thereof, 
Wherein: 

0051 M is selected from the rou : 64Cu, 67Cu, g P 
676a 686a QQrnTC 1111n QOY 149131. 153Sm 159Gd 
166Ho l?géb 177L,u 186Re arid 188Re' , , 

[0052] R1, R, R3 and R4 are independently selected at 
each occurrence from the group: C1-C1O alkyl sub 
stituted With 0-5 R5, C2-C1O alkenyl substituted With 
0-5 R5 and aryl substituted With 0-5 R5; 

[0053] R5 is independently selected at each occur 
rence from the group: H, C(=O)OR18, 
C(=O)OR23, C1-C1O alkyl substituted With 0-5 R13, 
C2-C1O alkenyl substituted With 0-5 R13, aryl substi 
tuted With 0-5 R13 and heterocycle substituted With 
0-5 R13; 

[0055] A is selected from the group: CH2, NR10 and 
O; 

[0056] Q1, Q2, and Q3 are 
—(CR11R12)n—, Wherein: n is 2-5; 

[0057] R6 and R7 are independently selected from the 
group: C1-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0058] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0059] R8 is selected from the group: OR23, OR14, 
C(=O)R14, S(=O)2R14 and P(=O)(OR14); 

[0060] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R15; 

[0061] R10, R11 and R12 are independently selected 
from the group: H, C1-C1O alkyl substituted With 0-5 
R1, C2-C1O alkenyl substituted With 0-5 R17 and aryl 
substituted With 0-3 R; 

independently 

[0062] R13 is independently selected at each occur 
rence from the group: H, OH, OR23, NHR18, 
C(=O)R23, oc(=o)R18, oc(=o)oR18, 
OC(=O)OR23, c(=o)oR18, C(=O)OR23, 
C(=O)NR218, PO3R218, PO3R18R23, sR18, SR23, 
SOR18, SO2R18, SOR23, SO2R23, NHC(=O)R18, 
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NHC(=O)NHR18, CH2OR18, CH2OR23, CH3 and 
NHC(=S)NHR18; or, alternatively, tWo R17 or R15 
and R16 may be taken together to form a transannular 
bridge, said bridge selected from the group: C3-C1O 
alkyl substituted With 0-5 R13 and ortho-aryl substi 
tuted With 0-3 R13; 

[0063] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
(=O)NR218, PO3R218, SR18, soR18, SO2R18, 
NHC(=O)R18, NHc(=o)NHR18 and 
NHC(=S)NHR18; 

[0064] R18 is independently selected at each occur 
rence from the group: H, CJL-C1O alkyl, benZyl, and 
phenyl; and 

[0065] R23 is a bond to the metal M. 

[0066] [7] Another embodiment of the present invention is 
a radiopharmaceutical of embodiment [6], Wherein: 

[0067] X is selected from the group: NR8, PR9 and 
P(=O)R9; 

[0068] A is CH2; 

[0069] R814is selected from the group: OR23, OR14, 
C(=O)R and S(=O)2R14; and 

[0070] R9 is CH2NR15R16. 
[0071] [8] Another embodiment of the present invention is 
a radiopharmaceutical of embodiment [7], Wherein: 

[0072] X is P(=O)OH; 

[0073] A is CH2; 

[0074] Q1, Q2 and Q3 are independently 
—(CR11R12 n—, Wherein: n is 2 or 3; 

[0075] R11 and R12 are independently selected from 
the group: 

[0076] H, C1-C1O alkyl substituted With 0-3 R17 and aryl 
substituted With 0-1 R17; 

[0077] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18 c(=o)oR18, 
C(=O)NR218, 113303218, 502R , NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0078] R18 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0079] [9] Another embodiment of the present invention is 
a radiopharmaceutical of embodiment [8], Wherein: 

[0080] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH PO3H2 and CH2-heterocycle substituted With 0-3 
R132; and 

[0081] R13 is independently selected at each occur 
rence from the group: H, OH, NH2, COOH, PO3H2, 
CHZOH, CH3 and SO3H. 

[0082] [9a] Another embodiment of the present invention 
is a radiopharmaceutical of embodiment [8], Wherein: R13 is 
independently selected at each occurrence from the group: 
OR23, OC(=O)OR23, C(O)OR23, PO3R18R23, SR23, 
SOR23, SO2R23, CH2OR23, 
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[0083] [10] Another embodiment of the present invention 
is a radiopharmaceutical of the formula: 

[0084] Wherein: 
[0085] M is selected from the group: 111In, 90Y and 

177Lu' 

[0086] [11] Another embodiment of the present invention 
is a radiopharmaceutical of the formula: 

V 5Q 
@ 

O 

[0087] Wherein: 
0088 M is selected from the rou : 64Cu, 67Cu, g P 
676a 686a QQrnTC 1111n QOY 149131. 153Sm 159Gd 
166Ho l?gfb 177L,u 186lle ahd 188lle , , 

[0089] [12] Another embodiment of the present invention 
is a radiopharmaceutical of the formula: 

N 

H3C O > M/ 0 CH3 
0 CH3 
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[0090] wherein: 

0091 M is selected from the rou 64Cu, 67Cu, g P 
676a 686a QQrnTC 1111n QOY 149131. 153Sm 159Gd 

[0092] [13] Another embodiment of the present invention 
is an MRI contrast agent of formulae (V) or (VI): 

(VI) 

/ 
N 

/ 
Q3 

[0093] 
Wherein: 

and pharmaceutically acceptable salts thereof, 

[0094] M is a paramagnetic metal ion of atomic 
number selected from the group: 21-29, 42-44 and 
58-70; 

[0095] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: C1-C1O alkyl 
substituted With 0-5 R5, C2-C1O alkenyl substituted 
With 0-5 R5 and aryl substituted With 0-5 R5; 

[0096] R5 is independently elected at each occurrence 
from the group: H, C(=O)OR18, C(=O)OR23, 
C1-C1O alkyl substituted With 0-5 R13, C2-C1O alkenyl 
substituted With 0-5 R13, aryl substituted With 0-5 
R and heterocycle substituted With 0-5 R13; 

0098 A is selected from the rou : CH , NR10 and [ g p 2 
a 

[0099] Q1, Q2, and Q3 are 
—(CR11R12)n—, Wherein: n is 2-5; 

[0100] R6 and R7 are independently selected from the 
group: CJL-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0101] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0102] R8 is selected from the group: OR23, OR14, 
C(=O)R”, S(=O)2R14 and P(=o)(oR14); 

independently 
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[0103] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R16; 

[0104] R10, R11 and R12 are independently selected 
from the group: H, C1-C1O alkyl substituted With 0-5 
R17, C2-C1O alkenyl substituted With 0-5 R17 and aryl 
substituted With 0-3 R17; 

[0105] R13 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c =O)OR18, 
C(=O)NR218, PO3R218, sR18, soR1 , SO2R18, 
NHC(=O)R18, NHC(=O)NHR18, CH2OR18, CH3 
and NHC(=S)NHR18; 

[0106] R14, R15 and R16 are independently selected 
from the group: C1-C1O alkyl substituted With 0-5 
R13, C2-C1O alkenyl substituted With 0-5 R13 and aryl 
substituted With 0-5 R13; 

[0107] or, alternatively, tWo R14 or R15 and R16 may 
be taken together to form a transannular bridge, said 
bridge selected from the group: C3-C1O alkyl substi 
tultgd With 0-5 R13 and ortho-aryl substituted With 0-3 
R ; 

[0108] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c =O)OR18, 
C(=O)NR218, PO2R218, sR18, soR1 , SO2R18, 
NHC(=O)R18, NHc(=o)NHR18 and 
NHC(=S)NHR18; and 

[0109] R18 is independently selected at each occur 
rence from the group: H, C1-C8 alkyl, benZyl and 
phenyl; and 

[0110] R23 is a bond to the metal M. 

[0111] [13a]Another embodiment of the present invention 
is an MRI contrast agent of formulae (V) or (VI): 

[0112] Wherein R13 is independently selected at each 
occurrence from the group: H, OH, OR23, NHR18, 
C(=O)R”, oc(=o)R18, oc(=o)oR18, OC(=O)OR23, 
c(c=o)oR18, C(=O)OR23, C(=O)NR218, PO3R218, 
PO3R18R23, sR18, SR23, SO2R18, SO2R18, SOR23, SO2R23, 
NHC(=O)R18, NHC(=O)NHR18, CH2OR18, CH2OR23, 
CH3 and NHC(=S)NHR18; 
[0113] [14] Another embodiment of the present invention 
is an MRI contrast agent of embodiment [13], Wherein: 

[0114] X is selected from the group: NR8, PR9 and 
P(=O)R9; 

[0115] A is CH2; 

[0116] R814is selected from the group: OR23, OR14, 
C(=O)R and S(=O)2R14; and 

[0117] R9 is CH2NR15R16. 
[0118] [15] Another embodiment of the present invention 
is an MRI contrast agent of embodiment [14], Wherein: 

[0119] X is P(=O)OH; 

[0120] A is CH2; 

[0121] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2 or 3; 

[0122] R11 and R12 are independently selected from 
the group: H, C1-C3 alkyl substituted With 0-3 R17 
and aryl substituted With 0-1 R17; 
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[0123] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, 113803218, SO2R18, NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0124] R18 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0125] [16] Another embodiment of the present invention 
is an MRI contrast agent of embodiment [15], Wherein: 

[0126] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH PO3H2 and CH2-heterocycle substituted With 0-3 
R132; and 

[0127] R13 is independently selected at each occur 
rence from the group: H, OH, NH, COOH, PO3H2, 
CHZOH, CH3 and SOBH. 

[0128] [16] Another embodiment of the present invention 
is an MRI contrast agent of embodiment [15], 

[0129] Wherein: R13 is independently selected at each 
occurrence from the group: OR23, OC(=O)OR23, 
C(=O)OR23, PO3R18R23, SR23, SOR23, SO2R23, 
and CH2OR23. 

[0130] [17] Another embodiment of the present invention 
is an MRI contrast agent of the formula: 

[0131] Wherein: 

[0132] M is a paramagnetic metal ion of atomic 
number selected from the group: 21-29, 42-44 and 
58-70. 

[0133] [18] Another embodiment of the present invention 
is an MRI contrast agent of the formula: 
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[0134] Wherein: 

[0135] M is a paramagnetic metal ion of atomic 
number selected from the group: 21-29, 42-44 and 
58-70. 

[0136] [19] Another embodiment of the present invention 
is an MRI contrast agent of the formula: 

/ 
H3C o / \ 

\ 
N N/ 

K.» / \N 
O// \OH — 

[0137] 
[0138] M is a paramagnetic metal ion of atomic 
number selected from the group: 21-29, 42-44 and 
58-70. 

[0139] [20] Another embodiment of the present invention 
is a conjugate of the formula: 

Wherein: 

Ch-Ln-W. 

[0140] 
Wherein: 

[0141] Ch is a chelator of formula (VII) or (VIII): 

and pharmaceutically acceptable salts thereof, 

[0142] 
[0143] R1, R2, R3 and R4 are independently selected 

at each occurrence from the group: C1-C1O alkyl 

Wherein: 
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substituted With 0-5 R5, C2-C1O alkenyl substituted 
With 0-5 R5 and aryl substituted With 0-5 R5; 

[0144] R5 is independently elected at each occurrence 
from the group: H, C(=O)OR18, C1-C1O alkyl sub 
stituted With 0-5 R13, C2-C1O alkenyl substituted With 
0-5 R13, aryl substituted With 0-5 R13 and hetero 
cycle substituted With 0-5 R13; 

[0146] A is selected from the group: CH2, NR10 and 
a 

[0147] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2-5; 

[0148] R6 and R7 are independently selected from the 
group: CJL-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0149] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0150] R8 is selected from the group: OR14, 
C(=O)R“, S(=O)2R14 and P(=o)(oR14); 

[0151] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R16; 

[0152] R10, R11 and R12 are independently selected 
from the group: H, C1-C1O alkyl substituted With 0-5 
R17, C2-C1O alkenyl substituted With 0-5 R17 and aryl 
substituted With 0-3 R17; 

[0153] R13 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218 PO3R218, sR18, soR18, SO2R18, 
NHC(=O)R ,NHC(=O)NHR18, CH2OR18, CH3, 
NHC(=S)NHR18 and a bond to Ln; 

[0154] R14, R15 and R16 are independently selected 
from the group: hydrogen, CJL-C1O alkyl substituted 
W113Ih 0-5 R13, C2-C1O alkenyl substituted With 0-5 
R and aryl substituted With 0-5 R13; 

[0155] or, alternatively, tWo R14 or R15 and R16 may 
be taken together to form a transannular bridge, said 
bridge selected from the group: C3-C1O alkyl substi 
tuted With 0-5 R13 and ortho-aryl substituted With 0-3 
R13; 

[0156] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
OC(=O)R18, OC(=O)OR18, C(=O)OR18, 
C(=O)NR218 PO3R218, SR18, SOR18, SO2 R18, 
NHC(=O)R , 18 NHC(=O)NHR18, 
NHC(=S)NHR and a bond to Ln; 

[0157] R18 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to Ln; 

[0158] Ln is a linking group of formula: 

L1'[Y1(CR19R2U)f(Z1)r--Y2]r-L2, 
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[0159] Wherein: 

[0163] g‘ is independently 0-1; 

[0164] g“ is independently 0-10; 

[0165] f is independently 0-10; 

[0166] f is independently 0-10; 

[0167] f“ is independently 0-1; 

[0168] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NR2‘), 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, 
C=NR2°, s, so, 502, NHC(=O), (NH)2C(=O) 
and (NH)2C=S; 

[0169] R19 and R20 are independently selected at each 
occurrence from the group: H, C1-C1O alkyl substi 
tuted With 0-5 R21, and alkaryl Wherein the aryl is 
substituted With 0-5 R21; 

[0170] R21 is independently selected at each occur 
rence from the group: NHR22, C(=O)R”, 

NHC(=S)NHR” and a bond to W; 

[0171] R22 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to W; and 

[0172] W is a biologically active molecule selected 
from the group: IIb/IIIa receptor ligands, ?brin bind 
ing peptides, leukocyte binding peptides, chemotac 
tic peptides, somatostatin analogs, selectin binding 
peptides, vitronectin receptor antagonists and 
tyrosine kinase inhibitors. 

[0173] [21] Another embodiment of the present invention 
is a conjugate of embodiment [20], Wherein: 

[0174] X is selected from the group: NR8, PR9 and 
P(=O)R9; 

[0175] A is CH2; 

0176 R8 is selected from the group: OR23, OR14, 
14 

C(=O)R and S(=O)2R14; 
[0177] R9 is CH2NR15R16; 
[0178] g is independently 0-5; 

[0179] g“ is independently 0-5; 

[0180] f is independently 0-5; 

[0181] f is independently 0-5; 

[0182] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NRZO, 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, so, 
502, NHC(=O), (NH)2C(=O) and (NH)2C=S; 
and 

[0183] R21 is independently selected at each occur 
rence from the group: NHR22, C(=O)R”, 
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OC(=O)R22, OC(=O)OR22, C(=O)OR22, 
C(=O)NR222, so2R22, NHC(=O)R22, 
NHC(=O)NHR22, NHC(=S)NHR22 and a bond to 
W. 

[0184] [22] Another embodiment of the present invention 
is a conjugate of embodiment [21], Wherein: 

[0185] X is P(=O)OH; 

[0186] A is CH2; 

[0187] Q1, Q2 and Q3 are independently 
—(CR11R12 n—, Wherein: n is 2 or 3; 

[0188] R11 and R12 are independently selected from 
the group: 

[0189] H, C1-C5 alkyl substituted With 0-3 R17 and aryl 
substituted With 0-1 R17; 

[0190] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, 113803218, SO2R18, NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0191] R18 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0192] [23] Another embodiment of the present invention 
is a conjugate of embodiment 22, Wherein: 

[0193] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH PO3H2 and CH2-heterocycle substituted With 0-3 
R132; and 

[0194] R13 is independently selected at each occur 
rence from the group: H, OH, NH, COOH, PO3H2, 
CHZOH, CH3 and SO3H. 

[0195] [23a] Another embodiment of the present invention 
is a conjugate of embodiment 22, Wherein: 

[0196] R13 is independently selected at each occur 
rence from the group: OR23, OC(=O)OR23, 
C(=O)OR23, PO3R18R23, SR23, SOR23, SO2R23, 
and CH2OR23. 

[0197] [24] Another embodiment of the present invention 
is a conjugate of embodiment [23], Wherein: 

[0198] Ch is selected from the group: 

Apr. 8, 2004 

-continued 

H3C OH HO CH3 

H3C OH HO CH3. 

[0199] [25] Another embodiment of the present invention 
is a radiopharmaceutical of the formula: 

[0200] 
Wherein: 

and pharmaceutically acceptable salts thereof, 

[0201] M is selected from the group: 64Cu, 67Cu, 
67Ga, 68Ga, QQTC, lllIn’ QOY, 149 Pr, 1535111, 159Gd, 
166HO, 169Yb, 177Lu, 186Re 188Re; 

[0202] Ch is a chelator of formulae (IX) or 

(IX) 
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[0203] wherein: [0218] R18 is independently selected at each occur 

[0204] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: C1-C1O alkyl 
substituted With 0-5 R5, C2-C1O alkenyl substituted 
With 0-5 R5 and aryl substituted With 0-5 R5; 

[0205] R5 is independently elected at each occurrence 
from the group: H, C(=O)OR18, C(=O)OR23, 
C1-C1O alkyl substituted With 0-5 R13, C2-C1O alkenyl 
substituted With 0-5 R13, aryl substituted With 0-5 
R and heterocycle substituted With 0-5 R13; 

[0207] A is selected from the group: CH2, NR10 and 
O; 

[0208] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2-5; 

[0209] R6 and R7 are independently selected from the 
group: C1-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0210] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0211] R8 is selected from the group: OR23, OR14, 
C(=O)R“, S(=O)2R14 and P(=O)(OR14); 

[0212] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R16; 

[0213] R10, R11 and R12 are independently selected 
from the group: H, CJL-C1O alkyl substituted With 0-5 
R17, C2-C1O alkenyl substituted With 0-5 R17 and aryl 
substituted With 0-3 R17; 

[0214] R13 is independently selected at each occur 
rence from the group: H, OH, OR23, NHR18, 
C(=O)R18 OC(=O)OR23 OC(=O)R18, 
C(=O)OR , OC(=O)OR , C(=O)OR18, 
C(=O)NR218, PO3R218, PO3R18R23, SR18, SR23, 
SOR18, SO2R18, SOR23, SO2R23, NHC(=O)R18, 
NHC(=O)NHR1i8, CH2OR18, CH2OR23, CH3, 
NHC(=S)NHR and a bond to Ln; 

[0215] R14, R15 and R16 are independently selected 
from the group: CJL-C1O alkyl substituted With 0-5 
R13, C2-C1O alkenyl substituted With 0-5 R13 and aryl 
substituted With 0-5 R13; 

[0216] or, alternatively, tWo R14 or R15 and R16 may 
be taken together to form a transannular bridge, said 
bridge selected from the group: C3-C1O alkyl substi 
tuted With 0-5 R13 and ortho-aryl substituted With 0-3 
R13; 

[0217] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, PO3R218, sR18, soR18, SO2R18, 
NHC(=O)R18, 18 NHC(=O)NHR18, 
NHC(=S)NHR and a bond to Ln; 

rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to Ln; 

[0219] R23 is a bond to the metal M; 

[0220] Ln is a linking group of formula: 

L1-[Y1(CR19R2U) f(Z1)f"Y2]f'L2> 
[0221] Wherein: 

[0225] g‘ is independently 0-1; 

[0226] g“ is independently 0-10; 

[0227] f is independently 0-10; 

[0228] f is independently 0-10; 

[0229] f“ is independently 0-1; 

[0230] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NRZO, 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, 
C=NR2°, s, so, 502, NHC(=O), (NH)2C(=O) 
and (NH)2C=S; 

[0231] R19 and R20 are independently selected at each 
occurrence from the group: H, C1-C1O alkyl substi 
tuted With 0-5 R21 and alkaryl Wherein the aryl is 
substituted With 0-5 R21; 

[0232] R21 is independently selected at each occur 
rence from the group: NHR22, C(=O)R”, 
OC(=O)R22, OC(=OR)OR22, C(=O)OR22, 
C(=O)NR222 —CN, SR22, SOR, so2R22, 
NHC(=O)R NHC(=O)NHR22, 
NHC(=S)NHR and a bond to W; 

[0233] R22 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to W; and 

[0234] W is a biologically active molecule selected 
from the group: IIb/IIIa receptor ligands, ?brin bind 
ing peptides, leukocyte binding peptides, chemotac 
tic peptides, somatostatin analogs, selectin binding 
peptides, vitronectin receptor antagonists and 
tyrosine kinase inhibitors. 

[0235] [26] Another embodiment of the present invention 
is a conjugate of embodiment [25], Wherein: 

[0236] X is selected from the group: NR9, PR9 and 
P(=O)R9; 

[0237] A is CH2; 

[0238] R814is selected from the group: OR23, OR14, 
C(=O)R and S(=O)2R14; 

[0239] R9 is CH2NR15R16; 
[0240] g is independently 0-5; 

[0241] g“ is independently 0-5; 

[0242] f is independently 0-5; 

[0243] f is independently 0-5; 
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[0244] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NR2‘), 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, so, 
502, NHC(=O), (NH)2C(=O) and (NH)2C=S; 
and 

[0245] R21 is independently selected at each occur 

NHC(=O)NHR22, NHC(=S)NHR22 and a bond to 
W. 

[0246] [27] Another embodiment of the present invention 
is a conjugate of embodiment [26], Wherein: 

[0247] X is P(=O)OH; 

[0248] A is CH2; 

[0249] Q1, Q2, and Q3 are 
—(CR11R12 n—, Wherein n is 2 or 3; 

independently 

[0250] R11 and R12 are independently selected from 
the group: H, C1-C5 alkyl substituted With 0-3 R17 
and aryl substituted With 0-1 R17; 

[0251] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR218, 113803218, SO2R18, NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0252] R18 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0253] [28] Another embodiment of the present invention 
is a conjugate of embodiment [27], Wherein: 

[0254] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH2PO3H2 and CH2-heterocycle substituted With 0-3 
R13; and 

[0255] R13 is independently selected at each occur 
rence from the group: H, OR23, OC(=O)OR23, 
C(=O)OR23, PO3R18R23, SR23, SOR23, SO2R23, 
CH2OR23, OH, NH2, COOH, PO3H21CH2OH, CH3 
and SO3H. 

[0256] [29] Another embodiment of the present invention 
is a conjugate of embodiment [28], Wherein: 

[0257] Ch is selected from the group: 
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@f 1%? 

[0258] [30] Another embodiment of the present invention 
is a radiopharmaceutical of the formula: 

M-Ch-Ln-W, 

[0259] 
Wherein: 

and pharmaceutically acceptable salt thereof, 

[0260] M is a paramagnetic metal ion of atomic 
number selected from the group: 21-29, 42-44 and 
58-70; 

[0261] Ch is a chelator of formulae (XI) or (XII): 
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[0262] wherein: [0278] R23 is a bond to the metal M; 

[0263] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: CJL-C1O alkyl 
substituted With 0-5 R5, C2-C1O alkenyl substituted 
With 0-5 R5 and aryl substituted With 0-5 R5; 

[0264] R5 is independently elected at each occurrence 
from the group: H, C(=O)OR18, C(=O)OR23, 
C1-C1O alkyl substituted With 0-5 R13, C2-C1O alkenyl 
substituted With 0-5 R13, aryl substituted With 0-5 
R and heterocycle substituted With 0-5 R13; 

[0266] A is selected from the group: CH2, NR10 and 
a 

[0267] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2-5; 

[0268] R6 and R7 are independently selected from the 
group: C1-C1O alkyl substituted With 0-5 R13, C2-C1O 
alkenyl substituted With 0-5 R13 and aryl substituted 
With 0-5 R13; 

[0269] or alternatively, R6 and R7 may be taken 
together to form a transannular bridge, said bridge 
selected from the group: C3-C1O alkyl substituted 
With 0-5 R13 and ortho-aryl substituted With 0-3 R13; 

[0270] R8 is selected from the group: OR23, OR14, 
C(=O)R“, S(=O)2R14 and P(=O)(OR14); 

[0271] R9 is selected from the group: OR14, NR15R16 
and CH2NR15R16; 

[0272] R10, R11 and R12 are independently selected 
from the group: H, C1-C1O , alkyl substituted With 
0-5 R17, C2-C1O alkenyl substituted With 0-5 R17 and 
aryl substituted With 0-3 R17; 

[0273] R13 is independently selected at each occur 
rence from the group: H, OH, OR23, NHR18, 
C(=O)R18, OC(=O)R18, OC(=O)OR18, 
OC(=O)OR23, C(=O)OR18, C(=O)OR23, 
C(=O)NR218, PO3R218, PO3R18R23, SR18, SR23, 
SOR18, SO2R18, SOR21, SO2R23, NHC =O)R18, 
NHC(=O)NHR1i8, CH2OR18, CHZOR 3, CH3, 
NHC(=S)NHR and a bond to Ln; 

[0274] R14, R15 and R16 are independently selected 
from the group: C1-C1O alkyl substituted With 0-5 
R13, C2-C1O alkenyl substituted With 0-5 R13 and aryl 
substituted With 0-5 R13; 

[0275] or, alternatively, tWo R14 or R15 and R16 may 
be taken together to form a transannular bridge, said 
bridge selected from the group: C3-C1O alkyl substi 
tultgd With 0-5 R13 and ortho-aryl substituted With 0-3 
R ; 

[0276] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c =o)oR18, 
C(=O)NR218 PO3R218, sR18, soR1 , SO2R18, 
NHC(=O)R NHC(=O)NHR18, 
NHC(=S)NHR and a bond to Ln; 

[0277] R18 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to Ln; 

[0279] Ln is a linking group of formula: 

L1-[Y1(CR19R2°)f(Z1)r-Y2]r-L2, 
[0280] Wherein: 

[0284] g‘ is independently 0-1; 

[0285] g“ is independently 0-10; 

[0286] f is independently 0-10; 

[0287] f is independently 0-10; 

[0288] f“ is independently 0-1; 

[0289] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NRZO, 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, 
C=NR2°, s, so, 502, NHC(=O), (NH)2C(=O) 
and (NH)2C=S; 

[0290] R19 and R20 are independently selected at each 
occurrence from the group: H, CJL-C1O alkyl substi 
tuted With 0-5 R21 and alkaryl Wherein the aryl is 
substituted With 0-5 R21; 

[0291] R21 is independently selected at each occur 
rence from the group: NHR22, C(=O)R”, 

NHC(=S)NHR” and a bond to W; 

[0292] R22 is independently selected at each occur 
rence from the group: H, C1-C6 alkyl, benZyl, phenyl 
and a bond to W; and 

[0293] W is a biologically active molecule selected 
from the group: IIb/IIIa receptor ligands, ?brin bind 
ing peptides, leukocyte binding peptides, chemotac 
tic peptides, somatostatin analogs, selectin binding 
peptides, vitronectin receptor antagonists and 
tyrosine kinase inhibitors. 

[0294] [31] Another embodiment of the present invention 
is a conjugate of embodiment [30], Wherein: 

[0295] X is selected from the group: NR8, PR9 and 
P(=O)R9; 

[0296] A is CH2; 

0297 R8 is selected from the group: OR23, OR14, 
14 

C(=O)R and S(=O)2R14; 
[0298] R9 is CH2NR15R16; 
[0299] g is independently 0-5; 

[0300] g“ is independently 0-5; 

[0301] f is independently 0-5; 

[0302] f is independently 0-5; 

[0303] Y1 and Y2, at each occurrence, are indepen 
dently selected from the group: a bond, O, NR3‘), 
c=o, c(=o)o, oc(=o)o, C(=O)NH—, so, 
502, NHC(=O), (NH)2C(=O) and (NH)2C=S; 
and 
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[0304] 
rence from the 

R21 is independently selected at each occur 
group: NHR22, C(=O)R22, 

OC(=O)R22, OC(=O)OR22, C(=O)OR22, 
C(=O)NR222, SOZRZZ, NHC(=O)R22, 
NHC(=O)NHR22, NHC(=S)NHR22 and a bond to 
W. 

[0305] [32] Another embodiment of the present invention 
is a conjugate of embodiment [31], Wherein: 

[0306] X is P(=O)OH; 

[0307] A is CH2; 

[0308] Q1, Q2, and Q3 are independently 
—(CR11R12)n—, Wherein: n is 2 or 3; 

[0309] R11 and R12 are independently chosen from 
the group: H, CjL-C5 alkyl substituted With 0-3 R17 
and aryl substituted With 0-1 R17; 

[0310] R17 is independently selected at each occur 
rence from the group: H, OH, NHR18, C(=O)R18, 
oc(=o)R18, oc(=o)oR18, c(=o)oR18, 
C(=O)NR2, P1Q3R2, SO2R18, NHC(=O)R18, 
NHC(=O)NHR and NHC(=S)NHR18; and 

[0311] R18 is independently selected at each occur 
rence from the group: H and CjL-C3 alkyl. 

[0312] [33] Another embodiment of the present invention 
is a conjugate of embodiment [32], Wherein: 

[0313] R1, R2, R3 and R4 are independently selected 
at each occurrence from the group: H, CHZCOOH, 
CH2PO3H2 and CH2-heterocycle substituted With 0-3 
R13; and 

[0314] R13 is independently selected at each occur 
rence from the group: H, OH, NH12 COOH, PO3H2, 
CHZOH, CH3 and SO3H. 

[0315] [33a] Another embodiment of the present invention 
is a conjugate of embodiment [32], Wherein: 

[0316] R13 is independently selected at each occur 
rence from the group: H, OR23, OC(=O)OR23, 
C(=O)OR23, PO3R18R21, SR23, SOR23, SO2R23, 
CH2OR23, OH, NH2, COOH, 130311,, CHZOH, CH3 
and SO3H. 

[0317] [34] Another embodiment of the present invention 
is a conjugate of embodiment [33], Wherein: 

[0318] Ch is selected from the group: 
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-continued 

[0319] It is appreciated that certain features of the inven 
tion, Which are, for clarity, described in the conteXt of 
separate embodiments, may also be provided in combination 
in a single embodiment. Conversely, various features of the 
invention Which are, for brevity, described in the conteXt of 
a single embodiment, may also be provided separately or in 
any suitable subcombination. 

De?nitions 

[0320] The compounds herein described may have asym 
metric centers. Compounds of the present invention con 
taining an asymmetrically substituted atom may be isolated 
in optically active or racemic forms. It is Well knoWn in the 
art hoW to prepare optically active forms, such as by 
resolution of racemic forms or by synthesis from optically 
active starting materials. Many geometric isomers of ole?ns, 
C=N double bonds, and the like can also be present in the 
compounds described herein, and all such stable isomers are 
contemplated in the present invention. Cis and trans geo 
metric isomers of the compounds of the present invention 
are described and may be isolated as a mixture of isomers or 

as separated isomeric forms. All chiral, diastereomeric, 
racemic forms and all geometric isomeric forms of a struc 
ture are intended, unless the speci?c stereochemistry or 
isomeric form is speci?cally indicated. All processes used to 
prepare compounds of the present invention and intermedi 
ates made therein are considered to be part of the present 
invention. 

[0321] The term “substituted,” as used herein, means that 
any one or more hydrogens on the designated atom is 
replaced With a selection from the indicated group, provided 
that the designated atom’s normal valency is not eXceeded, 
and that the substitution results in a stable compound. When 
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a substitent is keto (i.e., :0), then 2 hydrogens on the atom 
are replaced. Keto substituents are not present on aromatic 
moieties. When a ring system (e.g., carbocyclic or hetero 
cyclic) is said to be substituted With a carbonyl group or a 
double bond, it is intended that the carbonyl group or double 
bond be part (i.e., Within) of the ring. 

[0322] The present invention is intended to include all 
isotopes of atoms occurring in the present compounds. 
Isotopes include those atoms having the same atomic num 
ber but different mass numbers. By Way of general example 
and Without limitation, isotopes of hydrogen include tritium 
and deuterium. Isotopes of carbon include C-13 and C-14. 

[0323] When any variable (e.g., R9) occurs more than one 
time in any constituent or formula for a compound, its 
de?nition at each occurrence is independent of its de?nition 
at every other occurrence. Thus, for example, if a group is 
shoWn to be substituted With 0-2 R9, then said group may 
optionally be substituted With up to tWo R9 groups and R9 at 
each occurrence is selected independently from the de?ni 
tion of R9. Also, combinations of substituents and/or vari 
ables are permissible only if such combinations result in 
stable compounds. 

[0324] When a bond to a substituent is shoWn to cross a 
bond connecting tWo atoms in a ring, then such substituent 
may be bonded to any atom on the ring. When a substituent 
is listed Without indicating the atom via Which such sub 
stituent is bonded to the rest of the compound of a given 
formula, then such substituent may be bonded via any atom 
in such substituent. Combinations of substituents and/or 
variables are permissible only if such combinations result in 
stable compounds. 

[0325] As used herein, “alkyl” is intended to include both 
branched and straight-chain saturated aliphatic hydrocarbon 
groups having the speci?ed number of carbon atoms. 
Examples of alkyl include, but are not limited to, methyl, 
ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, 
and s-pentyl. “Haloalkyl” is intended to include both 
branched and straight-chain saturated aliphatic hydrocarbon 
groups having the speci?ed number of carbon atoms, sub 
stituted With 1 or more halogen (for example —CVFW Where 
v=1 to 3 and W=1 to (2v+1)). Examples of haloalkyl include, 
but are not limited to, tri?uoromethyl, trichloromethyl, 
penta?uoroethyl, and pentachloroethyl. “Alkoxy” represents 
an alkyl group as de?ned above With the indicated number 
of carbon atoms attached through an oxygen bridge. 
Examples of alkoxy include, but are not limited to, methoxy, 
ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy, 
n-pentoxy, and s-pentoxy. “Cycloalkyl” is intended to 
include saturated ring groups, such as cyclopropyl, cyclobu 
tyl, or cyclopentyl. “Alkenyl” is intended to include hydro 
carbon chains of either a straight or branched con?guration 
and one or more unsaturated carbon-carbon bonds Which 

may occur in any stable point along the chain, such as 
ethenyl and propenyl. “Alkynyl” is intended to include 
hydrocarbon chains of either a straight or branched con?gu 
ration and one or more triple carbon-carbon bonds Which 
may occur in any stable point along the chain, such as 
ethynyl and propynyl. 

[0326] “Halo” or “halogen” as used herein refers to ?uoro, 
chloro, bromo, and iodo; and “counterion” is used to rep 
resent a small, negatively charged species such as chloride, 
bromide, hydroxide, acetate, and sulfate. 
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[0327] As used herein, “carbocycle” or “carbocyclic resi 
due” is intended to mean any stable 3- to 7-membered 
monocyclic or bicyclic or 7-to 13-membered bicyclic or 
tricyclic, any of Which may be saturated, partially unsatur 
ated, or aromatic. Examples of such carbocycles include, but 
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, adamantyl, cyclooctyl, [3.3.0]bicy 
clooctane, [4.3.0]bicyclononane, [4.4.0]bicyclodecane, 
[2.2.2]bicyclooctane, ?uorenyl, phenyl, naphthyl, indanyl, 
adamantyl, and tetrahydronaphthyl. 
[0328] As used herein, the term “heterocycle” or “hetero 
cyclic system” is intended to mean a stable S-to 7-membered 
monocyclic or bicyclic or 7-to 10-membered bicyclic het 
erocyclic ring Which is saturated partially unsaturated or 
unsaturated (aromatic), and Which consists of carbon atoms 
and from 1 to 4 heteroatoms independently selected from the 
group consisting of N, O and S and including any bicyclic 
group in Which any of the above-de?ned heterocyclic rings 
is fused to a benZene ring. The nitrogen and sulfur heteroa 
toms may optionally be oxidiZed. The heterocyclic ring may 
be attached to its pendant group at any heteroatom or carbon 
atom Which results in a stable structure. The heterocyclic 
rings described herein may be substituted on carbon or on a 
nitrogen atom if the resulting compound is stable. Anitrogen 
in the heterocycle may optionally be quaterniZed. It is 
preferred that When the total number of S and O atoms in the 
heterocycle exceeds 1, then these heteroatoms are not adja 
cent to one another. It is preferred that the total number of 
1 and O atoms in the heterocycle is not more than 1. As used 
herein, the term “aromatic heterocyclic system” or “het 
eroaryl” is intended to mean a stable S-to 7-membered 
monocyclic or bicyclic or 7-to 10-membered bicyclic het 
erocyclic aromatic ring Which consists of carbon atoms and 
from 1 to 4 heterotams independently selected from the 
group consisting of N, O and S. It is preferred that the total 
number of S and O atoms in the aromatic heterocycle is not 
more than 1. 

[0329] Examples of heterocycles include, but are not lim 
ited to, acridinyl, aZocinyl, benZimidaZolyl, benZofuranyl, 
benZothiofuranyl, benZothiophenyl, benZoxaZolyl, benZthia 
Zolyl, benZtriaZolyl, benZtetraZolyl, benZisoxaZolyl, ben 
ZisothiaZolyl, benZimidaZolinyl, carbaZolyl, 4aH-carbaZolyl, 
carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydro 
quinolinyl, 2H,6H-1,5,2-dithiaZinyl, dihydrofuro [2,3-b]tet 
rahydrofuran, furanyl, furaZanyl, imidaZolidinyl, imidaZoli 
nyl, imidaZolyl, 1H-indaZolyl, indolenyl, indolinyl, 
indoliZinyl, indolyl, 3H-indolyl, isobenZofuranyl, isochro 
manyl, isoindaZolyl, isoindolinyl, isoindolyl, isoquinolinyl, 
isothiaZolyl, isoxaZolyl, methylenedioxyphenyl, morpholi 
nyl, naphthyridinyl, octahydroisoquinolinyl, oxadiaZolyl, 
1,2,3-oxadiaZolyl, 1,2,4-oxadiaZolyl, 1,2,5-oxadiaZolyl, 1,3, 
4-oxadiaZolyl, oxaZolidinyl, oxaZolyl, oxaZolidinyl, pyrim 
idinyl, phenanthridinyl, phenanthrolinyl, phenaZinyl, phe 
nothiaZinyl, phenoxathiinyl, phenoxaZinyl, phthalaZinyl, 
piperaZinyl, piperidinyl, pteridinyl, purinyl, pyranyl, pyraZi 
nyl, pyraZolidinyl, pyraZolinyl, pyraZolyl, pyridaZinyl, pyri 
dooxaZole, pyridoimidaZole, pyridothiaZole, pyridinyl, 
pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, 
pyrrolyl, quinaZolinyl, quinolinyl, 4H-quinoliZinyl, quinox 
alinyl, quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquino 
linyl, tetrahydroquinolinyl, 6H-1,2,5-thiadiaZinyl, 1,2,3 
thiadiaZolyl, 1,2,4-thiadiaZolyl, 1,2,5-thiadiaZolyl, 1,3,4 
thiadiaZolyl, thianthrenyl, thiaZolyl, thienyl, thienothiaZolyl, 
thienooxaZolyl, thienoimidaZolyl, thiophenyl, triaZinyl, 1,2, 
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3-triaZolyl, 1,2,4-triaZolyl, 1,2,5-triaZolyl, 1,3,4-triaZolyl, 
and xanthenyl. Preferred heterocycles include, but are not 
limited to, pyridinyl, furanyl, thienyl, pyrrolyl, pyraZolyl, 
pyrrolidinyl, imidaZolyl, indolyl, benZimidaZolyl, 1H-inda 
Zolyl, oxaZolidinyl, benZotriaZolyl, benZisoxaZolyl, oxin 
dolyl, benZoxaZolinyl, and isatinoyl. Also included are fused 
ring and spiro compounds containing, for example, the 
above heterocycles. 

[0330] The term “amino acid” as used herein means an 
organic compound containing both a basic amino group and 
an acidic carboxyl group. Included Within this term are 
natural amino acids (e.g., L-amino acids), modi?ed and 
unusual amino acids (e.g., D-amino acids), as Well as amino 
acids Which are knoWn to occur biologically in free or 
combined form but usually do not occur in proteins. 
Included Within this term are modi?ed and unusual amino 
acids, such as those disclosed in, for example, Roberts and 
Vellaccio (1983) The Peptides, 5: 342-429, the teaching of 
Which is hereby incorporated by reference. Natural protein 
occurring amino acids include, but are not limited to, 
alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamic acid, glutamine, glycine, histidine, isoleucine, leu 
cine, lysine, methionine, phenylalanine, serine, threonine, 
tyrosine, tyrosine, tryptophan, proline, and valine. Natural 
non-protein amino acids include, but are not limited to 
arginosuccinic acid, citrulline, cysteine sul?nic acid, 3,4 
dihydroxyphenylalanine, homocysteine, homoserine, orni 
thine, 3-monoiodotyrosine, 3,5-diiodotryosine, 3,5,5‘-tri 
iodothyronine, and 3,3‘,5,5‘-tetraiodothyronine. Modi?ed or 
unusual amino acids Which can be used to practice the 
invention include, but are not limited to, D-amino acids, 
hydroxylysine, 4-hydroxyproline, an N-CbZ-protected 
amino acid, 2,4-diaminobutyric acid, homoarginine, norleu 
cine, N-methylaminobutyric acid, naphthylalanine, phenylg 
lycine, 9-phenylproline, tert-leucine, 4-aminocyclohexylala 
nine, N-methyl-norleucine, 3,4-dehydroproline, N,N 
dimethylaminoglycine, N-methylaminoglycine, 
4-aminopiperidine-4-carboxylic acid, 6-aminocaproic acid, 
trans-4-(aminomethyl)-cyclohexanecarboxylic acid, 2-, 3-, 
and 4-(aminomethyl)-benZoic acid, 1-aminocyclopentan 
ecarboxylic acid, 1-aminocyclopropanecarboxylic acid, and 
2-benZyl-5-aminopentanoic acid. 

[0331] The term “peptide” as used herein means a linear 
compound that consists of tWo or more amino acids (as 
de?ned herein) that are linked by means of a peptide bond. 
A “peptide” as used in the presently claimed invention is 
intended to refer to a moiety With a molecular Weight of less 
than 10,000 Daltons, preferable less than 5,000 Daltons, and 
more preferably less than 2,500 Daltons. The term “peptide” 
also includes compounds containing both peptide and non 
peptide components, such as pseudopeptide or peptidomi 
metic residues or other non-amino acid components. Such a 
compound containing both peptide and non-peptide compo 
nents may also be referred to as a “peptide analog”. 

[0332] A “pseudopeptide” or “peptidomimetic” is a com 
pound Which mimics the structure of an amino acid residue 
or a peptide, for example, by using linking groups other than 
amide linkages betWeen the peptide mimetic and an amino 
acid residue (pseudopeptide bonds) and/or by using non 
amino acid substituents and/or a modi?ed amino acid resi 
due. A “pseudopeptide residue” means that portion of an 
pseudopeptide or peptidomimetic that is present in a peptide. 
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[0333] The term “peptide bond” means a covalent amide 
linkage formed by loss of a molecule of Water betWeen the 
carboxyl group of one amino acid and the amino group of a 
second amino acid. 

[0334] The term “pseudopeptide bonds” includes peptide 
bond isosteres Which may be used in place of or as substi 
tutes for the normal amide linkage. These substitute or 
amide “equivalent” linkages are formed from combinations 
of atoms not normally found in peptides or proteins Which 
mimic the spatial requirements of the amide bond and Which 
should stabiliZe the molecule to enZymatic degradation. 

[0335] The term “non-peptide” refers to a compound in 
comprised of preferably less than three amide bonds in the 
backbone core compound or preferably less than three 
amino acids or amino acid mimetics. 

[0336] The phrase “pharmaceutically acceptable” is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms Which are, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of human beings and animals Without 
excessive toxicity, irritation, allergic response, or other 
problem or complication, commensurate With a reasonable 
bene?t/risk ratio. 

[0337] As used herein, “pharmaceutically acceptable 
salts” refer to derivatives of the disclosed compounds 
Wherein the parent compound is modi?ed by making acid or 
base salts thereof. Examples of pharmaceutically acceptable 
salts include, but are not limited to, mineral or organic acid 
salts of basic residues such as amines; and alkali or organic 
salts of acidic residues such as carboxylic acids. The phar 
maceutically acceptable salts include the conventional non 
toxic salts or the quaternary ammonium salts of the parent 
compound formed, for example, from non-toxic inorganic or 
organic acids. For example, such conventional non-toxic 
salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, 
and nitric; and the salts prepared from organic acids such as 
acetic, propionic, succinic, glycolic, stearic, lactic, malic, 
tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, 
phenylacetic, glutamic, benZoic, salicylic, sulfanilic, 2-ac 
etoxybenZoic, fumaric, toluenesulfonic, methanesulfonic, 
ethane disulfonic, oxalic, and isethionic. 

[0338] The pharmaceutically acceptable salts of the 
present invention can be synthesiZed from the parent com 
pound Which contains a basic or acidic moiety by conven 
tional chemical methods. Generally, such salts can be pre 
pared by reacting the free acid or base forms of these 
compounds With a stoichiometric amount of the appropriate 
base or acid in Water or in an organic solvent, or in a mixture 
of the tWo; generally, nonaqueous media like ether, ethyl 
acetate, ethanol, isopropanol, or acetonitrile are preferred. 
Lists of suitable salts are found in Remington ’s Pharmaceu 
tical Sciences, 17th ed., Mack Publishing Company, Easton, 
Pa., 1985, p. 1418, the disclosure of Which is hereby 
incorporated by reference. 

[0339] Since prodrugs are knoWn to enhance numerous 
desirable qualities of pharmaceuticals (e.g., solubility, bio 
availability, manufacturing) the compounds of the present 
invention may be delivered in prodrug form. Thus, the 
present invention is intended to cover prodrugs of the 
presently claimed compounds, methods of delivering the 
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same and compositions containing the same. “Prodrugs” are 
intended to include any covalently bonded carriers Which 
release an active parent drug of the present invention in vivo 
When such prodrug is administered to a mammalian subject. 
Prodrugs the present invention are prepared by modifying 
functional groups present in the compound in such a Way 
that the modi?cations are cleaved, either in routine manipu 
lation or in vivo, to the parent compound. Prodrugs include 
compounds of the present invention Wherein a hydroxy, 
amino, or sulfhydryl group is bonded to any group that, 
When the prodrug of the present invention is administered to 
a mammalian subject, it cleaves to form a free hydroxyl, free 
amino, or free sulfhydryl group, respectively. Examples of 
prodrugs include, but are not limited to, acetate, formate and 
benZoate derivatives of alcohol and amine functional groups 
in the compounds of the present invention. 

[0340] “Stable compound” and “stable structure” are 
meant to indicate a compound that is sufficiently robust to 
survive isolation to a useful degree of purity from a reaction 
mixture, and formulation into an ef?cacious therapeutic 
agent. 

[0341] The coordination sphere of the radionuclide 
includes all the ligands or groups bound to the radionuclide. 
For a transition metal radionuclide, M, to be stable it 
typically has a coordination number (number of donor 
atoms) comprised of an integer greater than or equal to 4 and 
less than or equal to 9; that is there are 4 to 9 atoms bound 
to the metal and it is said to have a complete coordination 
sphere. The requisite coordination number for a stable 
radionuclide complex is determined by the identity of the 
radionuclide, its oxidation state, and the type of donor 
atoms. If the chelant does not provide all of the atoms 
necessary to stabiliZe the metal radionuclide by completing 
its coordination sphere, the coordination sphere is completed 
by donor atoms from other ligands, termed ancillary or 
co-ligands, Which can also be either terminal or chelating. 

[0342] LyophiliZation aids useful in the preparation of 
diagnostic kits useful for the preparation of radiopharma 
ceuticals include but are not limited to mannitol, lactose, 
sorbitol, dextran, Ficoll, and polyvinylpyrrolidine (PVP). 

[0343] Stabilization aids useful in the preparation of 
radiopharmaceuticals and in diagnostic kits useful for the 
preparation of said radiopharmaceuticals include but are not 
limited to ascorbic acid, cysteine, monothioglycerol, sodium 
bisul?te, sodium metabisul?te, gentisic acid, and inositol. 

[0344] SolubiliZation aids useful in the preparation of 
radiopharmaceuticals and in diagnostic kits useful for the 
preparation of said radiopharmaceuticals include but are not 
limited to ethanol, glycerin, polyethylene glycol, propylene 
glycol, polyoxyethylene sorbitan monooleate, sorbitan 
monoloeate, polysorbates, poly(oxyethylene)poly(oxypro 
pylene)poly(oxyethylene) block copolymers (Pluronics) and 
lecithin. Preferred solubiliZing aids are polyethylene glycol, 
and Pluronics. 

[0345] Bacteriostats useful in the preparation of radiop 
harmaceuticals and in diagnostic kits useful for the prepa 
ration of said radiopharmaceuticals include but are not 
limited to benZyl alcohol, benZalkonium chloride, chlorbu 
tanol, and methyl, propyl or butyl paraben. 
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Synthesis of NeW Macrocycles 

Macrocyclic Chelants With Phosphinic Acid 
Bridges 

[0346] Organophosphinic acids are organic derivatives of 
phosphinic acid (HZPOZH) in Which one or both of the 
hydrogen atoms on the phosphorus atoms are replaced by 
organic groups. In general, the P—C bonds are very stable 
to hydrolysis, oxidation, and thermal decomposition. It is 
knoWn that phosphinic acid undergoes Mannich reactions 
With primary or secondary amines in the presence of excess 
paraformaldehyde under strong acidic conditions (Maier, L. 
and Smith, M. J. Phosphorus and Sulfur; 1980, 8, 67-72; 
Varga, T. R. Synthetic Communication, 1997, 27, 2899 
2903). In the present invention, phosphinic acid is reacted 
With a secondary diamine in the presence of formaldehyde 
to form a neW macrocyclic chelant containing tWo phos 
phinic acid bridges. For example, TETA(PO)2 Was prepared 
by the reaction of phosphinic acid With one equivalent of 
ethylenediamine-N,N‘-diacetic acid (EDDA) in the presence 
of excess paraformaldehyde in 6 N HCl at IDS-110° C. 

(Scheme I). For successful cycliZation, high dilution is 
preferred. 

Scheme I. 
Mannich Reaction of Phosphinic Acid With Secondary Diamine and 

Formaldehyde 
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Schem II. 
Mannich Reaction of Bis(hydroxymethyl)phosphine With Secondary 

Diamine 
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-continued 
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[0347] Macrocyclic Chelants Containing TWo Phos 
phine-P or Phosphine-Oxo Bridges 

[0348] It is known that hydroxymethyl-phosophines 
undergo the Mannich reactions With primary and secondary 
amines (Markl, V. G., et al. Tetrhea'ron Letters, 1980, 21, 
1409-1412). Mannich reactions have been extensively 
revieWed (Tramotini, M. and Angiolini, L. Tetrahedron, 
1990, 1791-1823; Tramotini, M. SYNTHESIS, 1976, 703 
775). Recently, the one-step Mannich reactions of 
hydroxymethylphosphines With a variety of amines, amino 
acids, and peptides (Katti, K. V. et al, J. Am. Chem. Soc. 
1999, 121, 1658-1664) Were reported. In the present inven 
tion, the Mannich reaction (Scheme II) of bis(hydroxym 
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ethyl)phosphine With one equivalent of a secondary diamine 
at pH 3-5 is used to produce neW macrocyclic chelants 
containing tWo phosphine-containing bridges. Oxidation of 
the phosphine(III) atoms of these macrocyclic chelants Will 
result in formation of neW macrocyclic chelants containing 
tWo phosphine-oxo bridges. Macrocyclic chelants contain 
ing tWo phosphine-oxo bridges connected via a linker 
(Scheme II) are of particular interest because the linker 
betWeen the tWo P atoms can force the tatraaZa macrocycle 
to adopt a preorganiZed conformation for metal chelation, 
Which Will enhance the thermodynamic stability and kinetic 
inertness of their lanthamide metal complexes. The linker 
may also have a bifunctional group useful for attachment of 
biomolecules. Thus, they are useful as BFC’s for the radio 
labeling of biomolecules such as antibodies, peptides, pep 
tidomimetics, and non-peptide receptor ligands. 

[0349] Alternatively, these macrocyclic chelants can be 
prepared from a bicyclic intermediate (Scheme III), derived 
from the reaction of a diamine With glycoxal derivatives 
(Argese, M., et al US. Pat. No. 5,880,281 (1999)). Conden 
sation of bis(hydroxymethyl)phosphine or bis(hydroxym 
ethyl)arsine With the bicyclic intermediate Will result in 
formation of a tetracyclic compound With the general for 
mula shoWn in Scheme III. Oxidation and hydrolysis of the 
tetracyclic intermediate produces the corresponding tetraaZa 
macrocycle, Which reacts readily With alkyl halide (particu 
larly alkyl bromide) in the presence of an excess base such 
as triethylamine to give the alkylated tetraaZa macrocycle. 
The tWo substituents on the phosphine-oxo bridges may be 
connected via an alkyl or aryl linker (Scheme II). The linker 
may contain one or mare bifunctional group useful for 
attachment of biomolecules. 

Scheme III. 
Alternative Routes for Synthesis of Macrocyclic Chelants With TWo 

Heteroatom-Containing Bridges. 
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Synthesis of Hyrdroxyamine-Derivatiz d Macrocycles. 

[0350] HydroXyamine-DerivatiZed Macrocylic Chelants 
[0351] Macrocyclic chelants containing the hydroXyamine 
moiety are of interest because the hydroXyamine-O can form 
stable bonds With various heteroatoms such as B, Si, Ge, Sn, 
and P. Synthesis of these macrocyclic chelants involves 
several step reactions (Scheme IV). First, the O-benZyl 
protected hydroXyamine reacts With a dialdehyde or dike 
tone to form the Schiff base, Which can be readily reduced 
to give an O-benZyl protected bis-hydroXyamine. The bis 
hydroXyamine reacts With t-butyl bromoacetate in the pres 
ence of a base such as triethylarnine to produce the t-butyl 
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ester of ethylenedi(benZyloXyamine)-N,N-diacetic acid. 
Deprotection of the O-benZyl groups is achieved by catalytic 
hydrogenation to give ethylenedi(hydroXyamine)-N,N-di 
acetic acid, Which reacts With but not limited to substituted 
organoborate, organotin dichloride, organogermyl dichlo 
ride, thiophosphorodichloride or phosphorodichloride to 
produce the macrocyclic chelant as its t-butyl ester. Acid 
hydrolysis of the t-butyl ester produces the macrocyclic 
chelant in its acid form. The tWo substituents on the het 
eroatoms may contain one or more bifunctional groups 
useful for attachment of biomolecules. 

Scheme V. 
Synthesis of Hydrazine-Derivatized Macrocycles 

[0352] HydraZine-DerivatiZed Macrocyles 
[0353] Synthesis of macrocyclic chelants containing the 
hydrazine moiety also involves several step reactions 
(Scheme V). First, the Boo-protected hydrazine reacts With 
a dialdehyde to form the hydraZone. Reduction of the 
hydraZone (Wu, P. L. et al, SYNTHESIS, 1995, 435-438; and 
references therein) to give the Boo-protected bis-hydrazine, 
Which reacts With t-butyl bromoacetate to produce the 
t-butyl ester of N,N‘-diaminoethylenediamine-N‘,N‘-diacetic 
acid. Deprotection of the Boo group is achieved using either 
anhydrous TFA (tri?uoroacetic acid) or a 50:50 mixture of 
TFA and dichloromethane to give N,N‘-diaminoethylenedi 
amine-N,N‘-diacetic acid, Which reacts With but not limited 
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to substituted organotin dichloride, organogermyl dichlo 
ride, carbonyl dichloride, phosphorodichloride or thiophos 
phorodichloride to produce the macrocyclic chelant as its 
t-butyl tetraester. Acid hydrolysis of the tetraester gives the 
macrocyclic chelant in its acid form. The advantage of the 
hydraZine-containing bridges is that the substituents (R9 
groups) can be used for attachment of biomolecules. 

[0354] Alternatively, synthesis of macrocyclic chelants 
containing the hydraZine moieties can be accomplished 
according to Scheme VI, Which involves the formation of a 
cyclic hydraZone, reduction of the hydraZone double bonds 
(Wu, P. L. et al, SYNTHSIS, 1995, 435-438; and references 
therein), folloWed by the reaction With t-butyl bromoacetate, 
and the hydrolysis of the t-butyl ester groups. Macrocyclic 
chelants With the tWo bridging heteroatoms connected via a 
linker (RS-R5, R5-R6, R6-R6) are of special interest because 
the linker can force the tatraaZa macrocycle to be highly 
preorganiZed for metal chelation. The linker may also con 
tain a bifunctional group useful for attachment of biomol 
ecules. 

Scheme VI. 
Alternative Route for Synthesis of Hydrazine-Derivatized Macrocylces. 
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-continued 
R4 R1 

R R 

[0355] Macrocyclic Chelants With One Heteroatom-Con 
taining Bridge 

[0356] The Mannich reaction is the condensation of a 
compound having active hydrogen atoms (the substrate) 
With formaldehyde and an amine: 

[0357] The structures of the products depend on the nature 
of the substrate as the amine moiety is the same as indicated 
in Scheme VII. The substrates include but are not limited to 

phosphinic acid, bis(hydroXymethyl)phosphine, bis-(hy 
droXymethyl)arsine, amide, sulfonamide, or N-containing 
heterocycle. Mannich reactions have been extensively 
revieWed (Tramotini, M. and Angiolini, L. Tetrahedron, 
1990, 1791-1823; Tramotini, M. SYNTHESIS, 1976, 703 
775). 

Scheme VII. 
Synthesis of Macrocyclic Chelants With One Heteroatom-Bridge 








































